Sporadic inclusion body myositis is the most common inflammatory muscle disorder preferentially affecting males over the age of 40 years. Progressive muscle weakness of the finger flexors and quadriceps muscles results in loss of independence with activities of daily living and eventual wheelchair dependence. Initial signs of disease are often overlooked and can lead to mis-or delayed diagnosis. The underlying cause of disease is unknown, and disease progression appears refractory to available treatment options. This review discusses the clinical presentation of inclusion body myositis and the current efforts in diagnosis, and focuses on the current state of research for both nonpharmacological and pharmacological treatment options for this patient group.
Introduction
Sporadic inclusion body myositis (IBM) is one of a group of inflammatory muscle disorders resulting in progressive muscle weakness. It is the most common inflammatory disorder preferentially affecting men (2:1 over females) over the age of 40-50 years. [1] [2] [3] Incidence and prevalence of IBM have not been well characterized. A recent review estimates incidence of IBM between 0.9 and 3.2 per million per year; however, this varied dramatically based on geographic location. [4] [5] [6] Reported prevalence also widely varies between 0.3 and 13.9 per 100,000, and again varied by geographical location. 5 The underlying cause of IBM is not yet fully understood and has been hypothesized to involve protein dysregulation, mitochondrial dysfunction, autoimmune factors, myonuclear degeneration, and impaired nucleic acid metabolism. [7] [8] [9] [10] [11] [12] [13] [14] Despite the continued investigation into the cause of IBM, histopathological characteristics of muscle have been traditionally used in confirming the diagnosis. The essential physical features for a diagnosis of IBM include initial muscle weakness presenting in a characteristic pattern of quadriceps and finger flexors in individuals over the age of 40 years. Griggs criteria was first developed and adopted to standardize diagnosis of this disease, followed by the Medical Research Council (MRC) criteria, and more recently the European Neuro Muscular Centre (ENMC) IBM research diagnostic criteria 2011. [15] [16] [17] Griggs criteria defines IBM when rimmed vacuoles and inflammatory infiltrates are present; however, inconclusive biopsy results were often found in patients fitting the clinical presentation of IBM and refractory to any treatment. The MRC and ENMC criteria were developed to enhance ease of diagnosis when histopathological features were not found in muscle biopsies, hypothesized to potentially occur earlier in disease presentation. 16, 17 As treatments become available, the potential for earlier 
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Alfano and Lowes diagnosis has implications for earlier onset of treatment during a period when muscles may be more responsive.
There is currently no successful treatment to stop or delay the progression of disease in IBM. In the absence of a conclusive muscle biopsy, often IBM was differentiated from polymyositis or dermatomyositis by being refractory to immunosuppressive therapies. [18] [19] [20] Current research is focused on identifying the fundamental causes of disease progression, as well as initial clinical trials aimed at reducing disease burden or treating symptoms of the disease.
Clinical description
IBM is characterized by progressive, often asymmetric, muscle weakness preferentially affecting skeletal muscle. The two muscle groups often initially affected are the quadriceps and finger flexors. The slowly progressive nature of the disease frequently leads to delayed diagnosis (discussed further), as both patients and clinicians attribute slight changes in function to the aging process. 21 Due to the initial quadriceps weakness, patients often report difficulty with stairs or falls as the first signs of the disease. 1 Later in the disease, ankle dorsiflexion and elbow extension weakness frequently develop, increasing susceptibility to falls and the difficulty of transfers, such as rising from a chair.
As the disease progresses, weakness expands throughout the upper and lower limbs, leading to eventual loss of independent ambulation and wheelchair use. Additionally, weakness of the distal, then proximal, muscles of the upper extremities quickly leads to loss of independence with activities of daily living, such as grooming, dressing, and hygiene activities. 22, 23 The rate of disease progression can vary widely, with some reports linking increased severity associated to a later age of onset. 3, 24, 25 Several natural history studies have reported declines in quadriceps strength ranging between 12.5% and 27.9% over 1 year. 3, [25] [26] [27] [28] Reports of composite quantitative muscle testing in patients with IBM appear to decline 9.2% in 1 year or 4% in 6 months. [27] [28] [29] In a sample of 85 ambulatory individuals with IBM, quadriceps strength was computed as a percentage of age, sex, and height predictions. The deficits in this group ranged from 85% of predicted strength to less than 1%. 28 While these trends are useful in clinical trials, it is important for the clinician to remember that changes in strength and function are often not linear and that rates of decline or stability may change across the disease. 25, 27 The change in function and progressive disability has also been described. The mean or median loss of independent ambulation ranged between 7 and 14 years from the date of diagnosis in different cohorts, with an average change in distance walked on the 6-minute walk test (6MWT) decreasing 34% over a 4-year period of time. 3, 24, 27 The IBM functional rating scale was designed as a measure of disease severity and rates the difficulty to complete ten items related to swallowing, fine motor, and gross motor tasks. 30 Varying rates of decline using this outcome have been reported, ranging from 22.3% over 4 years to 13.8% over 1 year. 3, 27 In a subset of patients with IBM, insidious onset dysphagia creates swallowing difficulties and choking. 1 As with the initial muscle wasting, early signs of dysphagia can be overlooked as aging related choking or coughing associated with eating or drinking. In 40%-50% of patients, however, dysphagia becomes quite debilitating later in disease progression. 31, 32 Interestingly, although IBM is more common in men, there is some evidence suggesting that dysphagia is more commonly the initial presenting symptom in women. 33 Cardiac function appears to be spared in IBM, although case studies have been published reporting various cardiomyopathies coexisting in patients with IBM. [34] [35] [36] [37] While heart function may be preserved, there are reports of sleep disordered breathing being identified primarily later in disease progression, although not necessarily correlated to severity of peripheral muscle weakness. 38, 39 Respiratory decline has also been reported as the most common cause of death in a long-term follow-up of patients with IBM. 22
Diagnosis and markers of disease
Many patients with IBM report a difficulty finding the correct diagnosis. This is likely related to the rarity of this disease in combination with the slowly progressive changes often attributed to aging. The mean time from symptom onset to correct diagnosis ranges in published work between 3 and 5 years, with many patients receiving at least one incorrect diagnosis prior to the diagnosis of IBM. 21, 28, 40, 41 As described earlier there are multiple diagnostic criteria that have been developed to standardize diagnosis of IBM. Despite the wide use of these criteria among neuromuscular professionals, a recent study found that all criteria evaluated had high specificity (ranging 98%-100%), but they had wide-ranging sensitivities (11%-84%) with the potential of several false negatives or missing a diagnosis of IBM when present. 42 Traditionally, muscle biopsies have been used to confirm the diagnosis of IBM, requiring a combination of vacuolated muscle fibers, inflammatory myopathy with mononuclear cell invasion, amyloid accumulation, or 15-18 nm filaments. [15] [16] [17] Often, a combination of clinical and pathological features is 
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Therapeutic options for iBM required to make the diagnosis in the presence of a nondefinitive biopsy. Many factors may contribute to the difficulty in observing hallmark pathological features in a biopsy, such as those related to biopsy site, distribution of pathology, or the effect of disease progression on distribution or occurrence of pathology. 16, 21, 43 In the continued pursuit to better understand the disease pathogenesis of IBM, several biomarkers have been evaluated for both their role in the disease process and as a potential for use in differentiating IBM from other inflammatory myopathies. Due to the presence of protein aggregation, inflammation, and cell death in muscle biopsy of patients with IBM, biomarkers related to inflammation, autophagy, and protein aggregation have been proposed, such as tau, β-amyloid, Clathrin, and Beclin I. While these have been specifically reported, others recommend targeting markers of general protein aggregation, such as LC3 and p62, as no one protein is consistently found in muscle cells of patients. [44] [45] [46] [47] [48] [49] Recently, autoantibodies have been investigated as a serological marker for IBM, with autoantibodies against cytoplasmic 5′ nucleotidase showing promise as they demonstrate moderate sensitivity (49%-76%) and high specificity (91%-96%) for IBM. 10, [50] [51] [52] [53] However, further research is needed as this marker was detected in other patients with other inflammatory myopathies or autoimmune disorders, so is not sensitive to IBM. 10 As techniques for genetic analysis continue to advance, new findings relating genes and polymorphisms to disease susceptibility or severity of disease progression are being investigated. Changes in HLA-DRB1, HLA-DRB3, HLA-DRA, and BTNL2 have been associated with susceptibility of developing IBM, with HLA-DRB1, HLA-DRB3, HLA-DRA, and BTNL2 being reported with increased susceptibility to IBM and HLA-DRB1 increasing risk up to ten times in a Western Australian population. [54] [55] [56] [57] Alternatively, HLA-DRB loci DRB4 and DRB5 and a polymorphism in the TOMM40 gene appear to have a protective effect in reducing risk of IBM. 58 Additionally, allele changes in the TOMM40 gene were also associated with later onset of symptoms, up to 4 years; and when these changes were combined in carriers of the APOE genotype ε3/ε3, onset was delayed 5 years. 59 Additionally, use of MRI to assist or confirm diagnosis of IBM has been investigated. [60] [61] [62] [63] Fatty infiltration compared to inflammation was a hallmark of IBM compared to other inflammatory myopathies such as polymyositis. 61, 63 Muscles of the thigh, including vastus intermedius and medialis, were characteristically affected, while the rectus femoris and posterior compartment of the thigh were often spared or less involved. 60, 62, 63 The medial gastrocnemius was frequently involved with inconsistent involvement of the finger flexors, posterior tibialis, and soleus muscles. 60, 62, 63 A blinded assessment of MRI scans in 137 patients with myopathies (17 with definite IBM) reported the ability to detect definite IBM of the typical pattern with 59% sensitivity and 100% specificity. 60 Sensitivity improved when considering the diagnosis of IBM for both typical and consistent patterns (sensitivity of 94%). Authors reported similar accuracy for patients both early and late in disease progression. 60
Treatment options
Nonpharmacologic treatment options exercise Historically, exercise has been recommended cautiously to avoid the effect of overwork leading to more rapid muscle breakdown; however, recent research is pushing the field to think of exercise differently. Although, there have been no large randomized-controlled trials evaluating the effect of exercise in IBM to date, several small studies have been published reporting safety of a low-to-moderate resistance program. 2, [31] [32] [33] 64 These studies were limited by small sample sizes and relatively short follow-up periods. While the study completed by Arnardottir reported no improvement in strength or function after the home program, they reported a benefit to using exercise to prevent loss of muscle strength over time. 65 Separate cohorts of studies (ranging from case studies to seven patients enrolled) investigating possible exercise regimes in IBM reported improvements in strength, function, and aerobic capacity. 2, 32, 33, 64 While additional research is needed in a larger randomized cohort, initial results from small studies indicate that exercise appears safe and may produce the benefit of mild increases or maintenance of strength and function. In a disease that has appeared refractory to all treatment options, these findings suggest a possible tangible treatment for patients to temporarily reduce the progression of IBM over time. Implementation of any exercise regimen should be supervised by a trained physical therapist to ensure safety in an aging population with unique patterns of muscle weakness.
Orthoses
The presenting quadriceps weakness is often accompanied by anterior tibialis muscle weakness leading to progressive foot drop. Falls frequently occur in this population due to knee collapse or tripping due to foot drop or uneven surfaces. There have not been any large studies investigating use of orthoses in IBM, although bracing has the potential Therapeutics and Clinical Risk Management 2015:11 submit your manuscript | www.dovepress.com
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Alfano and Lowes to reduce fall occurrence in this cohort. Bernhardt evaluated use of a specific stance control orthosis unilaterally in a small cohort of patients with IBM. The braces were welltolerated; however, they resulted in slower walking velocity and cadence, which may not be preferable for all patients. 49 Patients with less weakness and those wearing the orthosis more frequently reported more stability and fewer falls. Further research is needed into the optimal orthotic intervention in this population, which is likely to be individualized to specific patient needs. A lightweight orthosis providing additional stability for the quadriceps muscles, such as one with anterior shell support, may also assist in reducing occurrence of foot drop and falls.
Pharmacologic intervention
There is no current treatment effective at halting or slowing disease progression in IBM. However, several treatments aimed at improving symptoms of IBM have been studied. Most research has focused on repurposing existing medications for use in patients with IBM, although development of novel compounds and therapies has begun in recent years (Figure 1 ).
immunosuppressants
Due to the presence of muscle inflammation in patients with IBM, a variety of immunosuppressants have been trialed in IBM cohorts. While one case study reported a sustained muscle strength improvement in a patient with IBM and anti-Jo-1 antibodies, larger studies have been inconclusive or have shown a decrement in muscle strength during prednisone treatment. 66, 67 Various combinations of prednisone with other compounds have also been trialed with mixed results, leading to negative consensus in the field for use of these compounds in IBM. Pilot studies of prednisone and mycophenylate, cyclosporin-A, or tacrolimus indicated potential for treatment; however, larger trials reported no long-term positive effect in IBM. 68, 69 Likewise, a trend toward improvement in dysphagia associated with IBM was reported in a trial of intravenous immunoglobulin (IVIg) and a small case series combining IVIg and prednisone; 70, 71 however, these changes have not been reported in the long-term in a larger cohort. 72, 73 Studies of IVIg in larger cohorts have reported inconclusive results, including minor strength gains in some muscles of the leg with the strength of other muscles declining over the same period. 71, 74 Additionally, methotrexate has been evaluated in IBM. However, a double-blind trial of methotrexate versus placebo reported no difference in disease progression measured by muscle strength over 48 weeks. 75 Additionally, there are reports of a connection between immunosuppressive therapies and potential disease exacerbation. 24, 76 Although small and unblinded trials have reported trends toward or improvement in few patients, these results have not been replicated in large-randomized controlled trials. While immunosuppressive therapy may have a potential for benefit in a small subset of patients, the characteristics of such a cohort have not been well defined. Current literature does not support the use of immunosuppressive therapy to maintain or improve muscle strength in IBM.
Tumor necrosis factor blocking agents
Tumor necrosis factor (TNF) blocking agents, etanercept and infliximab, have been evaluated in IBM, without dramatic improvements in disease progression. A small study comparing etanercept and two separate control groups (a natural 
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Therapeutic options for iBM history group and a placebo group from another trial) found no difference in strength at 6 months, but a slight improvement in the hand grip strength of the treated group at 12 months. 77 The clinical significance of this finding is unknown.
Infliximab was also tested in a cohort of patients with refractory myositis, including four patients with IBM. Treatment side effects were significant and resulted in drop out of 25% of the cohort. Additionally, no change in muscle strength was measured, and 23% of the cohort demonstrated increased muscle inflammation on MRI posttreatment. Thus, infliximab is not considered an alternative treatment option in patients with refractory myositis. 78 TNF blocking agents are likely not a viable treatment option as early trial results point to limited benefit which may not provide enough improvement to outweigh potential treatment risks and cost.
Lymphocyte depletion therapy
Alemtuzumab is a compound targeted against CD52, a glycoprotein expressed on mature T-cells. It has been proposed that use of this compound in IBM has the potential to reduce muscle weakness by decreasing muscle injury related to T-cell response. Results from a pilot trial of 13 patients receiving one course of alemtuzumab treatment lasting 4 days were promising. 79 Authors reported differential gain in strength at 6 months compared to the previous 12-month observation, and 4 of 13 showed an improvement in strength and 6 reported improved activities of daily living. 79 Concerns have been raised with this study design and the reported conclusions, recommending further analysis of this compound and evaluation in a blinded trial. 80 A case study of rituximab in a patient with comorbid rheumatoid arthritis resulted in muscle wasting and weakness of quadriceps muscles following prednisone treatment. Rituximab improved symptoms related to the rheumatoid arthritis leading to remission, but had no effect on muscle strength. 76 
Other treatments
Lithium was proposed as a potential treatment in early preclinical studies. Muscles of patients with IBM are characterized by protein aggregates containing amyloid-β as well as phosphorylated tau. Early in vitro and mice studies reported reduced amyloid-β precursor protein levels and improved proteasome function indicating a potential benefit for patients with IBM. 81, 82 However, a 12-month study enrolling 15 participants produced no significant benefit in muscle strength. 83 Anakinra, an interleukin-1 receptor antagonist, was evaluated in patients with IBM with the goal of reducing amyloid deposits and improving muscle strength and function by blocking IL-1β. An open-label pilot study in four patients resulted in no significant improvement or stabilization in hand grip strength or muscle strength measured by manual muscle testing. 84 In a separate study of 15 patients with refractory myositis (five with IBM) receiving daily self-administered injection of anakinra for 12 months, results were mixed. 85 Seven patients demonstrated improvement across the 12-month study period on the International Myositis Assessment and Clinical Studies group global assessment, with one patient with IBM showing improvement after 3 months. Three patients with IBM did not demonstrate improvement, and one withdrew from the study due to worsening of symptoms. 85 Further research is needed to determine efficacy in a larger cohort or to identify the specific characteristics of a potential subgroup of responders to this treatment.
Early work in stem cell transplantation is being evaluated for patients with IBM. Mesoangioblasts from muscle of patients with IBM display defective terminal differentiation with absence of MyoD mRNA expression in myotubes. This block can be corrected in vitro by transient MyoD transfection. 86, 87 A Phase I clinical trial is underway (expected enrollment of ten patients) and is designed to evaluate the effect of high dose cyclophosphamide and antithymocyte globulin with hematopoetic stem cells on progression of myositis. 88 Results are anticipated in 2017.
Arimoclomol induces increased production of heat shock protein, which is typically increased in vivo in response to cellular stress. A 4-month study in 24 patients with IBM was conducted to evaluate the safety and potential to increase muscle strength in this disease. 89 Initial reports indicate that arimoclomol was safe and could have a potential for treatment in IBM. 90 Further research is needed in a larger cohort to confirm these preliminary results.
Follistatin, a myostatin inhibitor, has the potential to increase muscle mass. A Phase I/IIa study is currently underway in patients with IBM. 91 The alternatively spliced isoform of follistatin (FS344) is injected into the quadriceps muscles of nine patients with IBM to evaluate safety and initial signs of efficacy. Results from a Phase I/IIa study in Becker muscular dystrophy show promising results, but have not yet been reported in the IBM cohort. 92 Bimagrumab acts to inhibit activin type II receptors in the myostatin pathway to potentially increase muscle size in patients with IBM. 93 Initial results of a safety study of this compound in eleven subjects with IBM receiving one dose of bimagrumab compared to three receiving placebo indicated that the compound was well-tolerated with 
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Alfano and Lowes significant improvements in muscle volume and lean body mass. 94 A 16-week observation phase in 12 subjects described a significant improvement in distance walked on the 6MWT peaking at 16 weeks. 94 A pivotal trial in 240 subjects with IBM is currently ongoing to evaluate changes in the distance walked on the 6MWT after 52 weeks. 95 
Efficacy outcomes
Selection of appropriate outcome measures, whether clinically or as part of research trials, is often overlooked or undervalued. Clinically, patients often ask how their disease progression relates to the natural history of the disease. Longitudinal natural history trials provide access to the general trend of disease progression in patients with IBM; however, these may be less meaningful to an individual patient. These are no substitutes for a thorough evaluation of disease progression involving imaging, quantitative strength testing, as well as performance of functional tests, including walking, stair climbing, and balance tasks, during regularly scheduled clinic visits. Discussing an individual's trajectory can help clinicians manage a patient's expectations for the future in the presence of an advancing, progressive disease.
To effectively measure efficacy as part of clinical trials, outcome measure selection is crucial. This is particularly important in a slowly progressive disease such as IBM. Early clinical trials often attempt to measure differences in strength or function across groups in short-term trials, typically 48 weeks or less. In a disease like IBM, where initial ability may widely vary and where natural history studies report a range of disease progression, improper or careless choice of outcome may result in false negative outcomes. While the US Food and Drug Administration prefers use of a clinically meaningful, typically functional, outcome measure for product approval, guidelines for surrogate measures have been reported. 85 Where traditionally, an outcome such as timed walking would be chosen as the primary efficacy outcome for clinical trials, a surrogate measure such as strength or imaging may be a suitable alternative for short-term trials of innovative products. 28 Another important point to contemplate when selecting outcomes for clinical trials is the overall burden of testing on an individual throughout the course of a visit or the study. Often, clinical evaluation of a subject lasts between 1 and 3 hours for any given visit. In a disease such as IBM, with significant weakness often resulting in increased frequency of falls, the level of fatigue caused by assessments should be considered. For example, while the 6MWT has been successfully implemented in clinical trials involving products eventually achieving registration, it is important to evaluate all options available if a timed walking test is being chosen as a primary efficacy outcome. In IBM in particular, patients tend to walk at the same speed, which is often the fastest speed that minimizes falls. 96 Choice of the 2-minute walk test, included in the National Institutes of Health toolbox, may be a suitable alternative to capture the same information (distance walked on a timed test) while reducing the overall burden of testing.
Finally, a perfectly designed study with optimal safety and efficacy outcome selected has the potential to be derailed by variability in patient performance and clinical evaluator ratings. Reducing the burden of testing can minimize some variability of subject performance. However, more important is ensuring that subject motivation is considered. While it is near impossible to guarantee consistent motivation of a subject across visits or study sites, understanding and attempting to minimize the effect of motivation on subject performance will likely reduce variability associated with an individual's performance.
Additionally, establishing clinical evaluator intra-and interrater reliability can assist in reducing variability of trial data. The more subjective an outcome measure, the more likely reliability issues are to arise. Establishing intra-and interrater reliability values on the outcomes included in a trial may assist in post hoc statistical analysis of study results. The process of determining evaluator reliability may in itself reduce some variability across sites in a multisite trial.
Conclusion
IBM is a slowly progressive disease with currently no effective pharmacologic treatment to slow or halt the disease process. While the underlying cause has yet to be determined, many trials are underway to treat major symptoms of the disease. The success of these trials is dependent on selection of appropriate outcome measures and proper clinical evaluator training. Implementation of an individualized exercise regimen or orthotic intervention may provide patients with a tangible option to temporarily reduce the progression of disease or reduce falls, although further research is needed to determine the full effects of these treatment options. 
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